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\ CONDITION  SURVEY.  ELLSWORTH  AIR  FORCE 
BASE.  SOUTH  DAKOTA . 


by 

P.  J.  Vedros 


Foreword 


Tiie  study  reported  herein  was  conducted  under  the  general  super- 
vision of  the  Engineering  Design  Criteria  Branch,  Soils  and  Pavements 
Laboratory,  of  the  U.  S.  Army  Engineer  Waterways  Experiment  Station 
(WES),  Vicksburg,  Mississippi.  Personnel  from  the  U.  S.  Army  Cold  Re- 
gions Research  and  Engineering  Laboratory  (CRREL),  Hanover,  New  Hamp- 
shire; the  U.  S.  Army  Construction  Engineering  Research  Laboratory 
(CERL),  Champaign,  Illinois;  and  the  WES  participated  in  this  study. 
Personnel  involved  in  the  condition  survey  were  Messrs.  P.  J.  Vedros, 

R.  D.  Jackson,  H.  T.  Thornton,  Jr.,  S.  J.  Alford,  and  K.  A.  O'Connor  of 
the  WES;  T.  C.  Johnson  of  CRREL;  and  G.  Schanz  of  CERL.  The  main  text 
of  this  report  was  prepared  by  Mr.  Vedros  under  the  general  supervision 
of  Messrs.  J.  P.  Sale,  R.  G.  Ahlvin,  and  R.  L.  Hutchinson  of  the  Soils 
•and  Pavements  Laboratory.  The  section  of  the  report  concerning  frost 
action  was  prepared  by  Messrs.  Johnson  and  G.  D.  Gilman  of  CRREL.  Ap- 
pendix A was  obtained  from  the  Air  Force . 

COL  Ernest  D.  Peixotto,  CE,  was  Director  of  the  WES  during  the 
conduct  of  the  study  and  preparation  of  the  report.  Mr.  F.  R.  Brown 
was  Technical  Director. 
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Conversion  Factors,  British  to  Metric  Units  of  Measurement 


British  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  units  as  follows : 


Multiply 

inches 

feet 

miles  (U.  S.  statute) 

square  inches 

square  yards 

pounds  (mass ) 

kips  (mass) 

pounds  (force)  per 
square  inch 

miles  per  hour 




2.54 

0.3048 

1.609344 

6.4516 

0.8361274 

0.45359237 

453.59237 

0.6894757 

1.609344 


To  Obtain 

centimeters 

meters 

kilometers 

square  centimeters 

square  meters 

kilograms 

kilograms 

newtons  per  square 
centimeter 

kilometers  per  hour 
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CONDITION  SURVEY,  ELLCWORTil  AIR  FORCE  FACE,  SOUTH  DAKOTA 


Authority 


1 . Authority  for  conducting  condition  surveys  at  selected  air- 

fields is  contained  in  amendment  to  FY  1972  RDTE  Funding  Authorization 
(MF3-MC-5,  l6  February  1972),  subject:  "Air  Force  Airfield  Pavement  Re- 

search Program,"  from  the  Office,  Chief  of  Engineers,  U.  S.  Army,  Direc- 
torate of  Military  Construction,  dated  18  February  1972. 

Purpose  and  Scope 

N* 

2.  The  purpose  of  this  report  is  to  present  the  results  of  a 
condition  survey  performed  at  Ellsworth  Air  Force  Base  (EAFB),  South 
Dakota,  during  6-9  April  1972.  The  following  three  major  areas  of  in- 
terest were  considered  in  this  condition  survey: 

The  structural  condition  of  the  primary  airfield  pavements. 

The  condition  of  pavement  repairs  and  the  types  of  main- 
tenance materials  that  have  been  used  at  this  airfield. 

Any  detrimental  effects  of  frost  to  the  pavement 
facilities . 

5\ 

3.  This  report  is  limited  to  a presentation  of  visual  observa- 
tions of  the  pavement  conditions,  discussion  of  these  observations,  and 
pertinent  remarks  with  regard  to  the  performance  of  the  pavements.  No 
physical  tests  of  pavements,  foundations,  or  patching  materials  were 
performed  during  this  survey.  The  annual  pavement  maintenance  plan  for 
EAFB  is  presented  in  Appendix  A. 

Pertinent  Background  Data 
General  description  of  airfield 


f £) 
(&) 
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4.  EAFB,  formerly  Rapid  City  Air  Force  Base,  is  located  in 


Penn  Ira  -ton  and  Meade  Counties,  South  Dakota,  approximately  6 miles* 
northeast  of  Rapid  City. 

5.  In  April  1972,  the  airfield  facilities  consisted  of  a NW-SE 
(12-30)  runway,  a parallel  taxiway,  a large  operational  apron,  two 
warm-up  aprons,  a connecting  taxiway  to  the  runway  and  aprons,  nine 
hangar  access  taxi ways  and  aprons,  two  washracks,  a missile  loading  fa- 
cility, and  an  alert  facility.  The  runway  was  300  ft  wide  and  13,497  ft 
long;  the  operational  apron  was  350  ft  wide  and  approximately  4,l6o  ft 
long;  and  the  taxiways  ’were  100  ft  wide,  except  for  a 75-ft-wide  taxi- 
way through  the  old  ADC  alert  apron.  A layout  of  the  airfield  is  shown 
in  plate  1.  A pavement  plan  .indicating  the  type  pavement  on  each  facil- 
ity is  shown  in  plate  2. 

Previous  reports 

6.  Previous  reports  concerning  EAFB  are  listed  below.  Pertinent 
data  were  extracted  from  them  for  use  in  this  condition  survey. 

a.  Condition  survey  reports. 

(1)  Ohio  River  Division  Laboratories,  CE,  "Preliminary 
Report  on  Rigid  Pavement  Condition  Survey  of  Rapid 
City  Air  Force  Base,  South  Dakota,"  August  1947, 
Cincinnati,  Ohio. 

(2)  , "Report  of  Rigid  Pavement  Condition  Sur- 

vey, Rapid  City  Air  Force  Base,  South  Dakota,"  July 
1950,  Cincinnati,  Ohio. 

(3)  U.  S.  Army  Engineer  Division,  Missouri  River,  CE, 
"Rigid  Pavement  Condition  Survey  of  Ellsworth  Air 
Force  Base,  South  Dakota,"  April  1956,  Omaha, 

Nebraska. 

(4)  , "Rigid  Pavement  Condition  Survey,  Ells- 

worth Air  Force  Base,  South  Dakota,"  June  1959, 

Omaha,  Nebraska. 

(5)  U.  S.  Army  Engineer  District,  Ctaaha,  CE,  "Report  of 
Investigation  of  Flexible  Airfield  Pavement,"  October 
1959,  Omaha,  Nebraska. 

(6)  Ohio  River  Division  Laboratories,  CE,  "Condition  Sur- 
vey Report,  Ellsworth  Air  Force  Base,  South  Dakota," 
February  1965,  Cincinnati,  Ohio. 


* A table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  vii. 
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b . Pavement  evaluation  reports. 

(1)  U.  S.  Army  Engineer  Division,  Missouri  River,  CE, 
"Pavement  Evaluation  Report,  Rapid  City  Air  Force 
Rase,  Rapid  City,  South  Dakota  (Evaluation  No.  I)," 
December  1944,  Omaha,  Nebraska. 

(2)  U.  S.  Army  Engineer  District,  Omaha,  CE,  "Pavement 
Evaluation  Report  No.  II,  Ellsworth  Air  Force  Base, 
Rapid  City,  South  Dakota,"  October  1955,  Omaha, 
Nebraska. 

(3)  , "Pavement  Evaluation  Report  No.  Ill,  Ells- 

worth Air  Force  Base,  South  Dakota,"  November  1956, 
Omaha,  Nebraska. 

(4)  , "Pavement  Evaluation  Report  No.  IV,  Ells- 

worth Air  Force  Base,"  July  1957,  Omaha,  Nebraska. 

(5)  5 "Pavement  Evaluation  Report  No.  V,  Ells- 

worth Mr  Force  Base,"  December  1957?  Omaha,  Nebraska. 

(6)  , "Airfield  Evaluation  Report,  Ellsworth  Air 

Force  Base,  South  Dakota,"  November  1959  j Omaha, 
Nebraska. 

(7)  , "Airfield  Evaluation  Report,  Ellsworth  Air 

Force  Base,  South  Dakota,"  December  i960,  Omaha, 
Nebraska . 

(8)  , "Airfield  Evaluation  Report,  Ellsworth  Air 

Force  Base,"  January  1962,  Omaha,  Nebraska. 

(9)  Civil  Engineering  Center,  Wright -Patterson  Air  Force 
Base,  "M.rfield  Pavement  Evaluation  Report,  Ellsworth 
Mr  Force  Base,  South  Dakota,"  June  1971,  Dayton, 

Ohio . 


History  of  Mrfield  Pavements 


Design  and  construction  history 

7-  Details  of  the  design  and  construction  history  of  the  air- 
field pavements  (extracted  from  the  reports  referenced  in  paragraph  6) 
are  presented  in  table  1.  Pavement  thicknesses,  descriptions,  and 
other  details  are  presented  in  table  2. 

Traffic  history 

8.  A detailed  traffic  record  was  not  available  for  this  study; 
however,  come  traffic  information  was  available  from  previous  con- 
dition surveys  and  pavement  evaluations . B-52  aircraft  started 
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it  EAF  . Marc!  1 157.  Prior  to  thi  • tinu  • th<  h aviest  air- 
raft  th<  fi  Ld  was  th<  . - - It  was  estiraat*  I that,  in  the  last 

tnrei  y<  r 1 f Derations  bj  B-3<  aircraft,  approximately  7,000  cover- 
ages T •:i-urui‘.'l  hx-1  traffic-  were  applied  on  t.  <■  prJrx-ry  taxiway-  Traf- 
t V • i i:  . . f * I • * : • r :i , of  whi  1 *0  per- 

:ent  was  fr  m fight  rs;  percent,  2-1!  •;  percent,  B-36;  and  20 
percent , mlscellan.  us  aircraft.  During  the  period  April  1957-March 
195  S t:.ere  were  4o4  cycles  of  B- *7  traffic,  -17  cycles  of  B-52  traffic, 

■ :ycl<  K - >7  tr  fie,  17  -y  lies  of  C-124  traffic,  and  - ,239 
•ycles  f miscellan,  • -us  a : r raft  traffic . From  April-August  1958,  a 
total  •'  • cj  sles  f B-  ffi  ■ were  appi  Led.  Traffic  records  for 

tr.e  period  April -M-r,  1 » • indicate  that  230  cycles  of  B-52,  3 cycles  of 
11  cyol*  • KO-l  • , 23  cycles  of  C-124,  and  800  cycles  of  mis- 
llani  aircraft  traffic  were  applied.  The  average  number  of  cycles 
- r - nth  during  M y 1 ■ was  585  for  transports,  cargoes , and 

tankers;  380  for  fighters;  and  89  ''or  B-52's.  Traffic  records  for  heavy 
••.ircraft  luring  the  period  1 January  1971-31  December  1971  indicate  that 
•.he  total  numb er  of  cycles  w-  s as  follows:  1,  C-5A:  r‘6,  C-l4l ; 1,961, 

KC-13  ; 612,  EC-1  - : : and  328,  B-52  . The  operating  load  of  the  B-52  for 
• basic  mission  was  410,0' 0 lb;  operating  loads  for  the  10-135  and  the 
j-.C-l  were  235,000  and  260,000  lb,  respectively. 

).  Based  on  the  above  information,  it  is  estimated  that  there 
have  been  approximately  10,000-12,000  cycles  of  B-52  * raff  i'’  applied  to 
the  airfield  pavements  at  EAFB.  Hie  SE  runway  end  is  used  for  approxi- 
mately 75  percent  of  the  takeoffs  and  landings.  The  primary  3 ax  .'way 
leading  to  this  end  of  the  runway  and  the  runway  en  ' ave,  th<  ref  ore, 
received  approximately  5,000  coverages  of  channelized  traffic  from  B-52 
•: ircraft.  Some  portions  of  the  apron  taxiway  receive  100  percent  of 
these  operatidls . Taxiway  26  (the  primary  taxiway  to  th  NW  end  if  the 
runway),  which  has  developed  distress  at  the  joints,  has  received  about 
1,500  coverages  from  B-52  aircraft.  The  takeoff  weight  of  these  air- 
craft has  averaged  400,000  lb.  It  was  reported  that,  at  present,  about 


* A cycle  of  operation  is  one  landing  and  one  takeoff. 

4 


i 


? t 1 practice  alert  aircraft  per  month  taxi  down  the  aigth  of  the 
runw-y,  travel  \l the  : rimary  taxiway,  and  return  to  the  parking 
stui  ..  Th<  aircr  ft  w<  i about  488,000  LI  during  these  exercises. 
These  movements  nave  not  Leon  included  in  the  total  number  of  cycles 
1 I ste  1 Love.  As.nmi-.  : that  these  practice  alerts  have  been  occurring 
• lr.ee  - ' s nave  ••  een  at  the  field,  there  have  been  approximately  700 

•i  lit:  until  cove-rages  of  this  heavy  load  applied  on  the  lull  length  of 
t.ie  runway  and  primary  taxi  way  system. 

Conditions  of  Pavement  Surfaces 


~ -iV'-n-.t  :.t  Insr-  in.  procedure 

LI  win  pri  ■ tin  ..  ..  ised  In  conducting  the  inspec- 
t • rigi  : pavements . Repr<  . sntative  features  were  selected  for 
v : i Inspects  .n.  : > features  were  then  inspected  slab*  by  slab, 

■■si  i ‘ • ief<  :ts  were  recorded.  The  locations  of  the  individual  pavement 
■ irei  , the  inspection  starting  points,  and  the  directions  in  which  the 
pavements  were  inspected  (shown  by  arrows)  are  indie;  ed  in  late  1. 

The  results  of  the  rigid  pavement  survey  for  those  eatures  that  were 

:te  I in  detail  are  pre  ;<  nted  in  table  3-  This  t;  ble  sh<  ws  a quan- 
titative breakdown  of  the  various  types  of  defects  and  a condition  rat- 
Lng  for  each  paven  :nt  feature  inspected  in  detail,  he  procedures  used 
for  determining  th<  :oi  Ltion  rating  of  a pavement  are  given  in  Appen- 
dix III  of  Department  of  the  Army  Technical  Manual  TM  5-827-3 , "Rigid 
' i.rf  ield  Pavement  h valuation,  " dated  September  1^65 . The  pavement  de- 
fect identified  as  a keyed  joint  failure  in  table  3 was  not  Included 
In  the  reference  manual,  because  this  tyre  -Infect  has  o:ily  recently 
been  observed.  It  results  from  traffic  by  extremely  heavy  aircraft  at 
is  considered  to  be  a major  defect. 

Runway 

11.  In  general,  the  ocuditi  : of  the  pavement  surface  on  the 


* A slab  is  the  smallest  unit,  containing  no  joints,  of  a given  pave- 
ment feature. 


runway  considered  to  be  excellent.  The  1000- ft  runway  ends  were  in 
excellent  condition  with  only  two  major  structural  defects  recorded 
table  ?).  The  75-ft  inlay  section  of  tie  interior  portion  of  the  run- 
w:iy  from  sta  40+06  to  65+06  (features  R12C,  R14C,  and  R15C),  which  con- 
. ist'.-d  f reinfor  -.  j ; .rtland  cement  concrete  'PCC),  had  nine 

..lab  that  contained  tr-inxv*.-rse  cracks.  The  crack  openings  were  very 
mall  and  appeared  to  be  held  tightly  together  by  the  reinforcement 
piioto  1 ).  The  condition  of  this  inlay  section  was  rated  as  good. 

12.  An  asphaltic  concrete  (AC)  overlay"  v/as  placed  on  the  runway 
from  sta  135+30  to  1U0+03  in  1966  and  from  sta  65+06  to  135+30  in  1969; 
and,  at  the  time  of  this  survey,  the  overlay  pavement  was  in  excellent 
condition.  There  was  evidence  of  some  reflection  cracking  at  the 
joints,  with  some  free  water  La  the  cracks,  probably  from  frost  melting. 
Tiie  overlay  was  feathered  at  sta  165+03,  and  the  edges  of  the  overlay 
were  raveling  at  this  point  (photo  2). 

13-  The  17-in.  PCC  in  the  center  50  ft  of  the  runway  from  sta 
135+30  to  155+03  was  replace!  with  19- in.  PCC  in  1963  due  to  failures 
that  had  been  experienced  in  ti.  17-in.  pavement.  The  surface  of  the 
19- in.  PCC  was  reported  to  have  become  rough  cold  on  AC  overlay  v.  is 
placed  in  1966  to  correct  this  condition.  It  was  not  .s. sidle  to  deter- 
mine the  performance  of  the  19- in.  PCC  sur:  of  the  AC  overlay. 

14.  Structurally,  the  pavements  seem  to  be  performing  satisfac- 
torily under  the  loads  imposed  by  the  B-52's  n<  r using  the  pavements. 
Sixteen  B-52  pilots  and  thirty-six  KC-135  pilots  ;src  asked  to  rate  the 
riding  quality  of  the  runway,  and  only  five  B-52  plot,  rate!  it  as 
rough.  The  roughness  was  indicate1  to  be  on  the  northwest  end  of  the 
runway,  especially  during  landings. 

Primary  taxiway  .:Vm 

15.  The  primary  taxiway  system  consists  of  taxi  ys  26.  21,  and 
17.  The  northwest  end  of  taxiway  26  (feature  T1A),  which  was  construc- 
ted in  1956,  was  dosi  Tied  for  channelized  traffic  of  100,000-lb  wheel 
loads.  The  outer  lanes  are  19  in.  thick,  and  the  center  lane  is  22  in. 
thick,  with  a transition  between  the  center  and  outer  lanes.  A condi- 
tion survey  performed  in  1959  reported  that,  at  that  time,  approximately 
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40  slabs  contained  longitudinal  s]  alls  that  were  the  result  of  keyed 
.joint  failures.  During  the  1 972  survey,  It  was  estimated  that  approxi- 
mately l’o  slabs  in  the  center  lane  contained  longitudinal  spalls  that 
were  ronsi  iered  to  have  resulted  from  keyed  joint  Llures.  These 
! 'ailed  areas  have  been  sawed  out  and  replaced  by  hot-mix  AC  patches. 

The  matches  vary  in  length  from  several  feet  to  the  full  length  of  a 
slab,  and  frequently  the  joints  on  both,  sides  of  the  slab  require  patch- 
ing. There  were  23  slabs  in  this  taxiway  that  had  been  replaced  because 
they  had  reached  a shattered  condition.  This  feature  was  rated  as  be- 
ing in  fair  condition,  based  on  the  defects  that  were  recorded  in  the 
1972  survey. 

The  next  portion  of  taxiway  v (feature  T2A)  is  of  flexible 
pavement  construction.  This  area  had  developed  distress  from  B-52  op- 
eratim..:,  so  the  center  . 0 ft  of  the  taxiway  was  overlaid  with  4 to 
6 in.  >f  AC  in  1971.  At  the  time  of  this  survey,  this  feature  was  in 
excellent  'ondition,  with  no  evidence  of  grooving  or  cracking  from  the 
heavy  aircraft  operations. 

17.  The  : urtion  ;f  taxiway  26  adjacent  to  ‘ ie  operational  apron 
(feature  T4A),  which  was  constructed  in  1953  of  21- in. -thick  PCC,  is 
100  ft  wide.  Failures  occurred  in  the  two  middle  lanes,  and,  in  Id- ’3, 
the  /dr  Force  replaced  the  center  50  ft  of  this  taxi’.  / with  PCC  pave- 
ment of  the  same  thickness.  This  new  p<  ■'  ••  -at  v 1 n 1 in  three  lanes 
with  slabs  that  -were  16  ft  8 in.  wa  ie  ind  ft  6 in.  Long.  T-ie  as- 
built  Ir swings  show-  that  the  longitudinal  joints  cont  ined  dowels  in- 
stead of  keyed  joints.  The  1972  survey  indicated  t!  • t a' out  14  slabs 

in  the  center  50-ft  section  contained  longitudinal  - 1 alls  th  >t  had  been 
patched  as  well  as  about  6 other  mo  . or  struc  tural,  lefects  (sec  pnotos  3 
and  4).  The  center  section  of  the  taxivsy  was  in  good  condition,  and 
the  outer  edges  were  in  excellent  condition. 

18.  Taxiway  21  is  bh<  ixii  ig  area  through  the  operational  apron. 
Originally,  the  portion  o ' th-  t iw ay  identified  as  feature  T5A  was 
constrs  ted  as  part  of  the  apron,  and  an  area  was  marked  off  for  taxi- 
ing ; urposes.  It  was  reported  that  failures  in  the  form  of  rutting  de- 
velo]  1 in  the  tar  concrete  surface  under  B-52  operations,  so,  in  1967, 


tiii  *-in.  Ltumii  ; • /ement  (1-1/2- in.  tar  concrete  and  2-]  -in.  i 
■■  : nd  replaci  wit  i-in.  AC.  All  aircraft  operations  fi  m 

t .*'  r n area  fun:  • I -.to  this  taxiwaj  for  alert  movements  or  for  take- 
I!h  surfaci  f th<  taxiwaj  pavement  in  L97<  : < ■ lencc  of 

• rutting  i I • Ltudin  1 'ackini  ‘roi  B-  perati  is;  how  vi  r . 
vi  ment  I present]  • nsidered  to  bi  u vi  ry  jood  condi  t Ion . 

A • rt  ion  : taxiwaj  21  (feature  t6a)  crosses  the  area  which 
..  is  i urt  f tin  1 1 N-  runway.  It  was  reported  tiu  t,  in  two  instances 
in  t.  • past.,  a i reraft  el s have  broken  through  the  apron  surface  in 
urea.'  .just  adjacent  to  the  underlying  old  N-S  runway.  This  portion  of 
taxiway  21  consists  of  23-in. -thick  PCC  and  was  in  e>  :ellent  condition. 

The  i jrti  in  oh  taxiway  17  leading  off  the  south  edge  of  the 
operational  apron  through  the  old  ADC  alert  apron  (features  T 7A  and 
T8A)  consists  of  23-in. -thick  PCC  and  was  rated  very  good  during  this 
survey.  The  remaining  portion  of  taxiway  17  to  the  southeast  end  of  the 
runway  (feature  T'iAJ  consists  of  21-in.  reinforced  PCC.  There  were  some 
structural  i<  fi  :ts  in  t ' f<  at  r<  , su  :h  as  transverse  cracks,  but  they 
..  r<  1 3 tightly  t ;eth<  r ri  in  *<  rcemei  t.  m ere  we  *e  a number 

f s abs  Ln  this  featur  that  :ontained  >r  ip i :,  and  a > ; half 

f thi  te  spalls  had  been  : tched  . th  iC . The  :on  Lon  of  this  1 a- 

turo  was  rated  as  good. 

'pf-rutlon-l  urrjo. 

21.  The  larg  ■ p<  rational  apron,  which  is  constructed  of  bitu- 
minous pavement  ( 'eature  A2B),  was  in  f:  ir  condition.  The  tar  concrete 
surface  contained  some  random  cracking  that  was  not  associated  with 
overloading.  The  tar  concrete  surface  has  recc Lved  number  of  slurry 
:eal  :oats  (coal  tar  pil  - emulsion  and  sand)  over  i1  >.  years.  The  most 
ri  nt  soat  was  plied  Ln  at  1 W 7*  This  treatn  mt  tiad  tended  to 
keep  surface  cracks  scale  1 . it  was  r rted  t at,  during  hot  summi 
lays,  the  tar  surface  softens  and  cracking  of  the  seal  material  occurs. 

■ 77'  • lert  facility 

22.  The  SAC  alert  facility  consists  of  a taxiway  (feature  T11B) 
and  nine  parking  stubs  (feature  Aj5B).  The  taxiway  was  in  very  good 
condition,  and  the  parking  stubs,  except  stubs  6 and  9,  were  in 





e>:  .-client  cot:  : : tion . There  were  two  corner  breaks  observed  in  stub  6 
•aid  four  structural  •rack.:  (longitudinal,  corner,  and  tr-uisverse ) in 
stub  ••  13ies<  facilities  w<  r<  l;:  very  jood  :ondition.  The  alert 
facility  constructed  mostly  on  a deep  fill,  but  there  was  evidence 
!'  inly  one  ..c  tv.  slab::  rn  ar  stub  2 where  some  slight  settlement  had 
occurred . 

tV,'  -a;  : ft  •..arm-  :r.  '.’.ron.' 

23.  The  NW  v, :srm-up  apron  (feature  A1B)  and  SE  warm-up  apron  (fea- 
ture A4B)  arc  c instructed  f 19- in. -thick  PCC  pavement.  A number  of 
longitudinal  spalls , which  ,-iad  been  patched  and  are  attributed  to  keyed 
,'oint  failures,  were  observed  on  the  Nit  warm-up  apror. . The  CE  warm-up 
apron  Lid  - >t  he  ife  joint  tefects  but  did  have  a few  structural  breaks. 
Both  apron  areas  were  in  very  good  condition. 

Secondary  facili ties. 

"lb.  Tie  taxiways  in  the  maintenance  hangar  areas  (taxiways  7-11 ) 
were  in  fair  to  very  good  condition.  Taxiways  8 and  9 have  tO-ft-wide 
center  sections  of  23-in.  PCC,  and  taxiways  10  and  11  are  constructed  of 
21-in.  PCC.  Taxiwa;  10  received  an  AC  overlay  in  1 966.  These  four 
taxiways  (8-11)  contained  only  a few  structural  defects  in  the  taxiing 
reas,  and  ment > wen  all  in  very  good  condition.  Taxiway  7 

was  surfi  ••  1 witl  an  AC  overlay  over  19“ in.  PCC*  a c insiderable  amount 
. f reflection  crac.ing  was  evident  in  the  overlay.  However,  the  re- 
flection cracks  have  all  been  sealed. 

25.  The  13-in.  PCC  in  the  nose  dock  apron  areas  was  badly 
spalled,  cracked , scaled,  and  in  generally  poor  condition.  Taxiways  22 
and  27,  which  are  ladder  taxiways  off  the  runway,  arc  paved  with  AC. 

Both  were  in  fair  condition.  There  was  evidence  of  some  overload 
cracks,  but  most  of  the  cracking  in  the  surface  was  random  cracking  re- 
sulting from  aging  and  climatic  conditions.  The  pavements  appeared  to 
be  performing  satisfactorily. 

Maintenance 

26.  Maintenance  at  EAFB  had  consisted  of  crack  sealing,  replacing 
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shattered  slabs,  slurry  sealing,  Joint  resealing,  patching  joint  spalls, 
and  repairing  localized  '■tiled  areas  on  the  aprons.  A copy  of  the  an- 
nual pavement  maintenance  pl:u:  was  obtained  from  the  Air  Force  and  is 
included  in  this  report  as  Appendix  A.  This  maintenance  plan  indicates 
the  type  and  amount  of  maintenance  that  had  been  performed  at  EAFB 
tnrough  November  lybO.  •.•'.sts  of  maintenance  for  airfield  pavements 

were  reported  to  be  as  follows  : 

FY  ly68  - $122,815 

FY  1969  - $146,849 

FY  1970  - Not  available 

FY  1971  - $90,091 

FY  1972  - $232,111  (to  date) 

27-  Maintenance  of  the  longitudinal  spalls  on  the  north  end  of 
taxiway  26  has  consisted  of  sawing  to  a minimum  depth  of  2 in.  in  the 
sound  concrete  beyond  the  spalled  area  and  chipping  out  the  unsound  con- 
crete to  the  depth  of  the  keyway.  The  exposed  surface  is  then  brushed 
with  a tack  coat,  and  hot -mix  AC  is  use  in  the  patch.  When  existing 
patches  have  settled.  1/2  in.  or  more  below  the  adjacent  slab,  additional 
hot-mix  AC  has  been  appli.ed.  These  pat  nes  have  been  performing  fairly 
well  for  the  past  10  years.  It  was  reported  that,  ir.  the  area  of  taxi- 
way 26  that  contained  dowels,  patching  the  spells  required  tie  removal 
of  only  about  4 in.  of  unsound  concrete  (i.e.,  the  depth  of  the  patch 
was  less  than  the  depth  of  the  dowel). 

28.  Maintenance  of  the  operational  apron  has  consisted  of  repair- 
ing two  areas  where  towed  aircraft  were  reported  to  have  broken  through 
the  pavement  surface  adjacent  to  the  old  N-S  runway.  A slurry  seal  of 
tax  emulsion  and  sand  was  placed  on  the  apron  area  during  about  1967, 
and  this  repair  has  helped  to  seal,  the  cracks  in  the  surface . 

29.  At  the  present  time,  there  is  a maintenance  problem  in  the 
sod  area  just  adjacent  to  the  paved  area  where  the  B-52's  perform  en- 
gine run-up  checks.  The  sod,  along  with  parts  of  the  adjacent  edge  of 
the  paved  surface,  is  being  eroded  away. 

30.  Pop-outs  are  not  a major  problem  at  this  base,  because 


crushed  limestone  has  been  used  as  the  coarse  aggregate  1'or  the  PCC . 

Some  of  the  pop-outs  have  been  patched  with  epoxy  resin  materials,  which 
have  performed  satisfactorily. 

31.  The  joint  seal  material  generally  was  in  fair  condition. 
However,  there  are  some  areas  where  the  joint  seal  material  is  in  poor 
condition,  and  the  joints  need  to  be  resealed. 

Comparisons  of  Pavement  Performances 


32.  The  latest  evaluation  of  the  pavements  was  reported  in  June 
1971  (see  paragraph  6b).  The  thicknesses  of  the  pavements,  the  physical 
property  data,  and  the  evaluation  loads  presented  in  the  referenced  re- 
port were  used  for  a comparison  of  the  past  pavement  performances  with 
the  performances  indicated  by  the  results  of  the  condition  survey  re- 
ported herein. 

Runway 

33*  Based  on  the  evaluation  loads  (table  4)  and  present  design 
criteria  for  normal  operations,  none  of  the  pavements  of  the  runway  have 
been  overloaded  from  B -%}  operations.  In  consideration  of  the  practice 
alert  operations  at  488,000-lb  gross  loads  and  under  the  assumption 
(based  on  the  traffic  data)  that  approximately  700  coverages  of  this 
load  have  been  applied  to  the  full  length  of  the  runway,  the  first 
1,  ft  of  the  northwest  (12)  end  of  the  runway  is  approaching  the  de- 
:ign  criteria  requirements  for  loads  and  coverages.  On  the  basis  of 
t.he  . coverage.:  applied,  the  southeast  (30)  end  is  in  about  the 
minimum- to -full  operational  category  for  aircraft  with  approximately 
;00, 000-lb  gross  loads.  As  is  noted  in  table  4,  the  evaluation  gross 
load  for  this  end  of  the  runway  for  the  minimum- to- full  category  is 
600,000  lb. 

Primary  taxi wavs 

34.  Taxiway  2 6 in  the  primary  taxiway  system  has  experienced  dis- 
tress in  the  rigid  and  flexible  pavement  sections  as  a result  of  B-52 
operations.  These  pavements  were  designed  to  support  a 100,000-lb  gear 
load  on  twin  wheels,  which  at  the  time  of  construction  were  the  loading 
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i .-•••ir  configuration  of  H-hJ  aircraft . The  flexible  pavement  section 
feature  T A)  was  ov'-rlai  i after  listress  had  develop'  1;  and,  with  the 
additional  overlay  'nick:.".::;  and  the  present  intensity  of  traffic,  this 
area  is  not  presently  being  overloaded  by  B-52  operations.  The  north 
end  of  taxiway  2>  • 'feature  T1A)  was  constructed  in  1 fy6  of  22-in. -thick 
PCC;  s.n  rtly  after  operations  started  in  about  lV59>  distress  oc- 

curred in  the  longitudinal  joint  in  the  middle  lane  in  the  form  of  a 
longitudinal  spall . The  keyed  joints  on  each  side  of  the  middle  lane 
were  failing.  At  the  present  time  , about  9- • percent  of  the  slabs  in  the 
middle  lane  contain  asphalt  patches  as  a result  of  the  keyed  joint  fail- 
ures. This  is  the  only  type  of  defect  noted  in  these  slabs;  thus  the 
22- in . -thick  pavement  is  carrying  the  load  of  the  B-52  aircraft  without 
the  benefit  of  a load-transfer  device.  The  other  portion  of  taxiway  26 
(feature  TUA),  which  was  reconstructed  by  the  Air  Force  in  1963?  con- 
sist.. of  21-in. -thick,  50-ft-wide  PCC  with  loweled  joints.  This  pave- 
ment is  experiencing  longitudinal  spalls  in  the  50-ft-wide  reconstructed 
area.  At  the  time  of  this  survey,  68  percent  of  the  -labs  in  the  center 
•-ft -wide  section  of  this  taxiway  contain*  I asphall  patches  required 
because  of  the  joint  spalls. 

35-  Taxiway  21  thr  ;ional  a r< n w ls  reconstructed  of 

j-in.  AC  in  1967,  because  the  existing  pavement  '] -I  -in.  tar  concrete 
and  ' -1/2- in.  AC)  was  rutting  under  B-5I  [ rat  i ns.  The  r<  placement 
of  the  pavement  surface  i:  1 not  change  the  1 ;•  i-c  rr./ing  car  ability, 
and  the  AC  surface  Ls  win  ; signs  of  3 idinal  :rac  Lng  and  groov- 
ing from  overloads  of  B-52  traffic. 

36.  Features  T7A  and  T8A  f taxiway  17  nsist  of  83-in. -thick 
PCC.  According  to  the  evaluation,  this  area  is  no'1'  being  overloaded  by 
present  B-52  operations.  Hie  21-in.  reinforced  section  of  taxiway  17 
(feature  T9A)  contained  some  defects,  but  the  reinforcement  is  keeping 
the  cracks  tightly  closed.  This  pavement  is  not  bei  ig  overloaded  by 
B-52  operations. 

tprons 

37.  All  of  the  apron  pavements  (except  the  heavy -bomber  alert 
apron  hardstands ) are  overloaded  by  operations  of  the  B-52  at  gross 
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■i  '.r.ntely  , li  . The  large  operational  apron  appears 


: . !"  olT.  . : 


■11..  onier  nresent  li  — ' operation.-.  There 


was  little  ev  1 i.-nc'-  of  verloading  in  the  areas  where  the  planes  are 
• i.  Diatr*  run  -vrloads  was,  however , noted  in  the  taxiing 


. ' eile  . "u . i tie  a 


he  fuel 


Frost  Action 


'b,\  -tiV’-s  -f  in.-M  itloi 

y . The  objectives  of  the  inspection  were  to  determine: 

r_.  Any  adverse  effects  of  frost  heave  to  the  pavements  dur- 
ing the  winter  months. 

b.  Any  traffic-in iuced  failures  that  might  lie  related  to 
thaw  weakening  of  the  subgrades  or  base  courses. 

Frost  heave  of  pavements 

39-  The  airfield  pavements  (traffic  and  nontraffic  areas  of  flex- 
ible  and  rigid  pavements)  were  inspected  to  identify  any  localized  or 
'eneralized  surface  irregularities  that  might  indicate  differential 
frost  heaving.  The  inspection,  which  was  conducted  on  6 and  7 April, 
v;as  believed  to  have  coincided  with  or  followed  shortly  after  the 
period  of  thawing  of  frozen  base  courses  and  subgrades.  Therefore,  the 
effects  of  any  detrimental  nonu  liform  heave  should  have  been  apparent. 

40.  Personnel  in  the  Base  Civil  Engineering  Office  were  queried 
regarding  the  development  of  undesirable  surface  unevenness  during  the 
■winter,  and  pilots  were  asked  to  rate  the  degree  of  roughness  of  the 
runway.  Fifty-two  pilots  ol  B-52  and  KC-135  aircraft  were  canvassed; 
only  five  rated  the  runway  as  rough,  and  only  six  considered  the  runway 
to  be  less  smooth  during  the  winter  months.  The  engineers  stated  that 
the  1969  runway  overlay  was  constructed  partly  to  correct  a rough  sur- 
face. Evidently,  the  overlay  accomplished  this  purpose;  furthermore, 
frost  action  since  that  time  has  not  caused  surface  irregularities  to 
recur . The  consensus  of  the  condition  survey  team  was  that  the  runway 
lid  not  exhibit  roughness  detectable  in  a passenger  car  at  speeds  of 
up  to  60  mph. 
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41.  The  tax '.ways  cid  aprons  were  not  found  to  have  suffered  set- 
tlement.: r other  verticil  displacement.:,  except  for  the  extremely  over 

loaded  13-in.  PCC  hangar  access  pavements  and  slight  surface  rutting  in 
certain  AC  taxiwa,  -.  No  ■vidence  T differential  i'rost  heave  was  ob- 
served, even  on  pavements  if  - t . -in.  combined  thicknesses  (pave- 
met  ' rid  l ase  "our.a  . . i:.  fact,  differential  frost  heave  was  not  evi- 

ient  von  in  tne  old  ADC  alert  apron,  which  has  a 2 -1/2 -in.  AC  overlay 

•.  a /-in.  PCC  pavement,  for  a combined  thickness  of  9-1/2  in.  above  a 
i'rost -susceptible  subbase . 

Thaw  weakening  of 

..ui  Tades  or  base  courses 

42.  The  extent  of  thaw  weakening  of  the  subgrade  and  base  course 
could  not  be  readily  determined  by  inspection  of  the  pavements*  Pave- 
ments usually  are  repaired  or  otherwise  corrected  (as  with  overlays) 
when  failures  occur  and  usually  are  not  easily  examined  during  a condi- 
tion survey.  However,  even  if  the  failed  pavements  can  be  examined,  it 
is  often  impossible  to  determine  by  visual  observations  whether  a fail- 
ure is  the  result  of  thaw  weakening  or  of  deficiencies  in  the  thickness 
of  the  subgrade  , base,  or  pavement.  In  general,  the  depletion  of  the 
fatigue  resistai  :e  of  a pavement  syst  it  in  a frost  area  is  progressive 

. • ier  repi  ated  load  applicati  i ai  3 is  inevitably  relati  i to  thaw 
weakening,  whether  the  evidence  of  fatigue  or  failure  become!  visible 
during  the  frost -melting  period  or  at  sotiv  other  time  of  year.  Accord- 
ingly, the  degree  ,f  thaw  weakenir  an  1 its  t Tests,  if  any,  on  the  con 
lit!  n f th  pavements  at  • uld  not  be  appraised  merely  by  an  .in- 

spection of  the  pavements . Some  limited  p rceptio  the  severity  of 
st  i or,.;  • t the  base  can  be  gained , however,  by  comparing  the  per- 
formance f certain  pavements  wit;  what  might  have  ! oen  expected  in  the 
light  of  current  frost  design  criteria. 

Pavement  performances 

versus  frost  condition  criteria 

43.  Many  of  the  pavements  are  severely  deficient  in  slab  thick- 
ness and/or  in  combined  thickness  when  compared  with  current  frost 
criteria  or  even  with  normal  (nonfrost)  design  criteria.  However,  most 
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t'  pavements  wer>>  If.  •> >od  to  excellent  ■ ■nWitior. . :md  the  pavements 
that  ;ho.;e  i 1 is  tress  r sad  teen  overlaid  (ii  J ieatin.  :rior  distress)  were 
not,  i.ecessarLl.,  those  with  severe  this  mess  lefioiencies.  The  following 
paragraphs  contain  brief  comments  regarding  several  oi  the  pavements. 

44.  At  the  northwest  end  of  taxiway  is  (feature  T1A),  nearly  con- 
tinu-us  long itu  final  keyed  joint  failures  have  occur- red  along  both  edges 
of  the  center  slab,  thereby  eliminating  effective  load  transfer  to  ad- 
joining slabs.  The  design  is  severely  deficient  for  cither  frost  or 
normal  (nonfrost)  design.  Yet  slabs  in  which  the  keyed  joints  have 
failed  have  not  cracked  further;  thus  it  seems  very  doubtful  that  the 
subgrade  modulus  at  this  location  has  decreased  during  thawing  seasons 
to  the  level  of  the  magnitude  assumed  by  current  frost  design  criteria 
for  tine  thawing  season.  The  pavements  of  feature  T1A,  the  adjoining 
taxiway  through  the  northwest  warm-up  apron,  and  the  northwest  end  of 
the  runway  (feature  R3-A)  are  of  identical  design  and  apparently  experi- 
ence identical  traffic,  yet  the  latter  two  pavements  show  little  or  no 
distress.  A comparison  of  feature  T1A  with  feature  T4A  (a  part  of  the 
same  taxi way ) shows  that  feature  T4A  has  a combined  thickness  of  62  in. 
and  therefore  must  surely  have  a high  subgrade  modulus  even  in  the 
spring.  Yet  the  pavement  of  feature  T4A  shows  distress  only  slightly 
less  severe  than  feature  T1A.  Thus,  it  is  believed  that  the  pattern 
of  distress  in  these  pavements  is  not  dependent  on  frost  action,  which 
indeed  can  have  an  insignificant  effect  upon  them. 

45-  The  center  50  ft  of  the  runway  interior  (traffic  area  C)  con- 
sist:; of  19-in.  PCC  over  34  in.  of  gravel  from  sta  135+30  to  155+03 
(feature  R7C).  This  structure  was  not  considered  to  be  deficient  in  de- 
sign thickness  for  this  type  of  facility;  however,  it  had  been  overlaid 
with  2 in.  of  AC,  yielding  a combined  thickness  of  55  in*  Presumably, 
the  overlay  was  applied  because  the  original  pavement  had  manifested 
severe  distress.  The  AC  overlay  pavement  from  sta  65+06  to  130-<O4  (fea- 
ture RllC),  with  a combined  thickness  ranging  from  27-1/2  to  30-1/2  in., 
appeared  to  be  performing  as  well  as  the  55-in.  pavement  of  feature  R7C. 
The  overlay  was  placed  in  1969  and  was  in  excellent  condition  at  the 
time  of  this  inspection.  This  performance  is  surprising,  because  the 
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combi!  ' 1 thi-'kii'-j.  ■'  - to  -l/2  in.  should  be  severely  deficient 

accor  ■ Lr:«*  to  -uri-'  :.t  .-riteria  f even  for  the  normal  condition)  for  sub- 
rude  :bi\  values  of  5 to  ft,  ns  _re  reported  for  EAFB  In  the  1971  pave- 
ment evaluation  report.  Possibly,  the  relatively  good  performance  of 
the  -1/7-  to  30-1/2-in.  section  results  from  the  composition  of  the 
Individual  layers,  most  of  which  are  asphalt-  or  cemeiit -stabilized  ma- 
ter ' ale . At  any  rate,  the  condition  of  the  pavements  in  the  interior  uf 
the  runway  suggests  that  they  have  not  been  significantly  affected  by 
I'ros’  action. 

46.  The  edges  of  the  runway  have  relatively  thin  sections  (com- 

bined thickness  of  20  in.  from  sta  40+06  to  130+04),  yet  roughness  from 
frost  heave  was  not  reported  nor  was  it  observed  during  the  inspection. 
Similarly,  there  was  no  evidence  of  differential  frost  heave  along  the 
edges  of  the  taxiway  . ■■  " taxiwaj  pav<  rru  fcs  -with  thicknesses  of  25  to 

62  in.  adjoin  shoulder  pavements  with  tl  ' sses  of  17  to  20  in.  Again, 
frost  action  apparently  as  not  significant!,  affected  the  pavements. 

47.  The  comments  in  paragrr.u.s  43-46  presuppose  that  a signifi- 
cant amount  of  B-52  traffic  ha;  i een  applied  at  this  airfield.,  and  some 
of  the  comments  woul  ! • invalid  were  this  1 ot  so.  however,  the  data 

: resented  in  this  report  show  t • t :ignif h-ant  B-52  traffic  has  occurred 
-ver  the  years  (even  though  the  cumulative  number  of  coverages  is  some- 
what  less  than  the  total  assumed  in  the  design  criteria)  and  that  the 
coverages  were  applied  at  significantly  lower  loads  than  the  265-kip 
assembly  load  currently  used  for  design. 
be  sign  frees in g index 

48.  A design  freezing  index  of  1439  degree-days  has  been  cited  in 
previous  condition  surveys  and  pavement  evaluation  reports  (paragraph  6). 
rhis  value  is  the  average  of  the  three  coldest  winters  in  the  19?-1  to 

1 >54  period  (1935-36,  1948-49,  and  1949-50).  The  design  freezing  index 
reflecting  the  average  of  the  three  coldest  years  in  the  past  30  years 
(1941 -1971)  is  1360  degree-days.  The  latter  determination  also  in- 
cludes the  1948-49  and  1949-50  winters,  with  the  winter  of  1968-69  re- 
placing 1935-36.  Both  design  indices  are  based  on  records  of  the  Rapid 
City  Weather  Station  and  consider  average  daily  temperatures  for  the 

16 


t 


transition  month.;  at  both  ends  of  the  freezing;  seasons. 

Seasonal  indices  since  1956-57  are  tabulated  below,  together 
.. ith  the  mean  freezing  index  for  the  1931-60  period.  These  values  from 
: api  : city  Weather  Station  records  are  based  entirely  on  average  monthly 
t*.-m:  natures  and  art  generally  somewhat  lower  than  indices  t.nat  consider 
aver-  .a-  daily  temperatures  for  the  transition  months.  On  a seasonal 
nasi.-,  tiiic  numerical  difference  may  vary  from  an  essentially  negligible 
amount  to  more  than  150  degree-days.  The  values  do,  however,  indicate 
the  relative  severity  of  the  freezing  seasons  and  show  that  several  sub- 
stantially colder -than -normal  winters  have  occurred  during  the  period  of 
3-52  aircraft  operations. 


Freezing 

Season 

Freezing 

Index 

degree-days 

Freezing 

Season 

Freezing 

Index 

degree -days 

- 

323 

1965-66 

907 

- a -.5 

794 

1966-67 

417 

1 g •- 

839 

1967-68 

694 

1 - -6l 

363 

1968-69 

1230 

1961-62 

997 

1969-70 

731 

1962-63 

730 

1970-71 

1026 

1963-6% 

578 

1971-72 

957 

1964-65 

1125 

30-year  Mean 

673 

(1931-1960) 


Groundwater  table 

50.  The  most  logical  explanation  for  the  scant  evidence  of  dif- 
ferential frost  heave  and  of  significant  pavement  distress  during  spring 
thaws  is  the  existence  of  a very  deep  groundwater  table . Evidence  on 
this  point  is  conflicting,  however.  Engineers  attached  to  the  Base 
Civil  Engineering  Office  at  EAFB  expressed  the  opinion  that  at  times  the 
groundwater  table  is  located  no  more  than  2 to  3 ft  below  the  ground 
surface.  There  were  several  references  to  a lake  that  was  formerly  lo- 
cated in  the  area  now  occupied  by  the  runway,  and  it  has  been  reported 
that  free  water  was  found  in  the  base  course  when  various  pavements  were 
excavated  to  install  stronger  inlay  sections.  Logs  of  a number  of 
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t-orit. taken  at  various  locations  on  the  base  were  examined.  The 


■r  u brat<  r tat  1<  in  most  eases  was  not  mentioned;  1 at,  in  some  cases , it 
si.uwn  to  be  at  depth;;  of  20  to  30  ft.  Groundwater  investigations  at 
: r.  ported  ty  the  U.  G.  /army  Engineer  District,  Ctnaha,  in  April  1951, 

a.  • at  sroundw  ter  v.-ne rally  was  not  present  within  less  than  about 
■ ] w th<  surfa  ■■  . These  Lnv<  at  ions  appear  to  be  quite  eon- 
•lu.  . The  reports  that  water  has  been  found  near  the  surface  appar- 
••tl.,  refer  to  localized  perched  water,  possibly  from  infiltration 
through  pavement  ,'oints  •••  d cracks,  and  evidently  such  sources  do  not 
apply  an  ample  mount  water  to  support  extensive  frost  action.  Pos- 
sibly', this  condition  might  be  more  generalized  except  that  the  land- 
's rr.  at  and  surrounding  the  base,  with  well  defined  water  courses  and 
th<  r topographic  relief,  is  favorable  for  runoff  of  surface  water. 

Eval'ation 

1.  The  latest  evaluation  report  for  this  airfield  was  prepared 
in  1971  (see  paragraph  6b_).  Tine  load-carrying  capabilities  for  the 
various  features  have  been  taken  from  the  1971  report  and  presented  in 
this  report  in  table  4.  This  material  has  been  repeated  to  provide  the 
reader  with  as  much  of  the  latest  pavement  information  as  possible  under 
one  cover. 

Conclusions 

52.  The  following  remarks  summarize  the  findings  of  the  1972 
inspection : 

a.  The  pavements  on  tve  northwest  end  of  the  runway  are  de- 
signed for  100,000-lb  gear  loads  and  are  not  neing  over- 
loaded by  present  operations,  sine  the  majority  of 
heavily  loaded  aircraft  use  the  southeast  end  of  the  run- 
way for  takeoff. 

b.  The  keyed  joint  failures  occurring  on  taxiway  26  have 
only  recently  been  identified  in  heavy-load  test  sections 
and  are  failures  that  occur  fairly  rapidly.  Methods  of 
repairing  or  strengthening  those  pavements  that  contain 
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keyed  bits  are  b<  Lng  Invest]  ated  tnc?  U.  At -my 

Engineer  Waterways  Experiment  Etatioi  . 

rhe  satisfact  ry  performance  of  the  -in,  slabs  after 
fall  re  the  keyed  joints  indie  at<  ; that  further 
studies  arc  required  to  determine  if  the  present  thick- 
ness r<  piirements  are  t < jonservative . 

The  hot -mix  AC  patches  in  the  areas  of  longit  .final 
spalls  on  the  taxiway  have  performed  satisfactorily  as  a 
temporary  form  of  maintenance . However,  the  patches  set- 
tle and  roughen  under  taxi in.;  aircraft,  and  more  material 
must  be  added  to  th<  patch  as  a filler. 

The  recent  overlay  work  on  the  runway  appears  to  have 
eliminated  the  objectionable  roughness  experienced  by 
operational  personnel.  However,  there  is  still  some 
minor  roughness  on  the  northwest  end  of  the  runway  during 
landings . 

The  ... 1 overlay  '•  to  6 in.)  placed  on  taxiway  2 6 (feature 
T A)  in  1971  increased  the  load-carrying  capability  of 

facility  : nr : roxin.-.tely  ft  percent.  This  overlay 

was  placed  after  the  most  recent  evaluation  report  was 
prepared. 

While  several  substantially  colder -than -normal  ’winters 
have  been  experienced  in  recent  years  at  the  base  and  the 
rad'  ils  ar<  ;lassifi<  \ ily  frost  susceptible, 

it  is  not  evident  that  the  pavements  have  been  adversely 
affected  by  frost  heave. 

' teat  tr  with  < • Lned  thickness  f p<  . ment  and 

nonfrost-susce;  title  base  th  t is  substantially  less  than 
“<  paired  under  current  design  criteria  have  per- 
formed well . It  appears  that  subgrades  have  not  been 
severely  n akened  by  freezing  and  thawing.  It  is  be- 
lieved, however , that  the  absence  of  a high  groundwater 
table  has  restricted  frost  action. 


Photo  2.  Raveling  of  feathered  edge  of  AC 
at  sta  165+03  of  NW-SE  runway 


Photo  3-  Patched  joint  spalls  on  taxiway 
near  pa rkin  ; apron.  Not<  th at  r atche 
■ Id  joint 


Photo  4.  Batched  joint  spalls  near  north  end  of 
taxi-way  ?6  (f<  -i.ture  T4a) 


-»  rrs»w  , * 

KH-5E  TOMtJ 

. ••  v,  . , '.**.,**  V>  1 . 

" X-  --  ..  ■ •■* 

:-u<  ..  <1  ■** 

- 

. 

W- 


- . *•  -rlv 

7<ixlv  •<,  * 

Tulv  \| 

“ • rat . • * a.  »;r  f. 


. 

- 

■ • 

/•-«:  .M-rati'-vxl  itT  jr,  erit-ri  lor. 
1 . -ir.-'i t ' v -L  - r r., 

• utt  i.i;  •.-•rL'c 
1 ±f  :•.•'!  : I rl 

. 


- ■ ■ - - 

■ - * 

•UKrel't  rviricit 

- . ”-  - . w;  "~ 

■ «-‘L  r.T<\,  *-xtiKU  i 
Ir  .r.  ,r;  t *x : w v 

. ■ - jr*  - . fXt 

- 


••  * tone,  on 

v.  '.■prot-j  i-: 

- 


it*.-  • 


KW-lT  row?,  - 

:xn :W  V X 

■ - 

rjxvtt'i,  r.  .M  >*y, 

' • 

K-  and  M-  • 

Mis  a ' 2 2 x.v*  in,;, ' x-J.  - ad  Itw  • 

facility  and  taxlvv 
Pad 

Bandar  ficccaa  a;  pom  off 
taxi way  2-4 
Taxi -ay  1 ( jverlx,  1 

r*-:'r.  runway  --verlfiyi 
.:t  I l?5^r  1'040- 

L runway  ;o-«trl\. ) 

•ta  - ' ••>.  v 1 •’.♦■- 
T.iXivx,  • ■ >2  : twl'.v  M-i; 
center  - ft 


F-;  /.  -r; 

7-  jtm1  :: 

— 

Tate  ' ; 1 

of 

Kwtar'.-. 

J-i/:  to  1-1/ 

AC 

1949 

• 

Jit  r^n-lcxl e<1 

• 1 - ' 

A" 

194* 

. 

'it  ondoj.**  l 

-1  to  i-1". 

fC 

17- 

PCC 

i *■«  -I 

. 

. 

UCC 

i^C 

• : «Ti . . : 

At an done ! 

A1’ 

194c 

. 

Atandoned 

KC 

194p 

• 

Horth  portion  abear!  -rued 

ft 

1 .. » 

ICC 

1>W  - 

PC*." 

1943 

i-Pt 

1990 

. • - 

'•J, 000-1 0 trrtj.  . F-lix.i.’  load 

31 

VjX, 

■ 

he  deo  U *n  a tt  ,1  t u : way  1 7 

AC 

V)rM 

. • - 1 

! taxi  way  ' 

31 

1950 

1 ■-  , ■ -1  ---.•  -l  j.i.  loa : 

BP 

1950 

. 

i* 

BF 

1990 

. 

4 

BP 

1/50 

, 'O-li  irocs  r-l-Jic  Iwi 

3P 

1950 

. 

3P 

l./to 

10,  " .-li  .’r*-,>.  : 1 ne  load 

L-. : orporatvl  In  :ti'r.al  -:rx 

1#53 

. 

AC 

: 

AC 

. 

-U  single- 

AC 

l>53 

. , - . . 

AC 

1953 

• . • . 

4 

AC 

1 / : 

1 , « ,<j— It  twin  gf-ar  load 

He  i-  taxiwai-  1 i-,  2;  , 

ani  16 

R2C 

1953 

. - 

21 

ICC 

1953 

Redesignated  taxlv v r 11,  _•  : i' 

13 

• 

195* 

Abandoned 

AC 

1954. 

/diandoced 

and  1 

rcc 

- 

- • . 

17 

PCC 

L95K 

'•  , '-1.  ar  load 

AC 

. 

• • . 

2-19  wtd  17 

PCC 

idt-t 

7 sra-1  I'.*’ 

PCC 

195C 

—It) 

Taxlwa;.  . <_ 

19 

PCC 

l*v 

• - . • . 

19 

iW 

. 

w 

PC' 

19W 

. 

Taxiway--  7 and  c- 

19 

PCC 

1956 

PCC 

1956 

fcwii 

Redesignate  : aprons 

19 

PC'” 

. 

: tw  1:.  lc  1 1 

1*) 

PCC 

• - 

PCC 

1956 

■ ,*ear  load 

PCC 

1956 

. 

and  23 

PCC 

- , • f •.  L-.-tw  1'*  x- 

•'  an!  • 

PCC 

195? 

, -li  tw  -n-twin  rear  1 i 

Taxiwsj-  21 

10: 

1959 

Air  T ree  replaced  - ' ft  i»f  flexible 

v--jCTit  with  two  - r. . lar.es 

16 

PCC  ft 

15>tO 

• , ■ -1-  twin- twin  '■  'iT  loa ; 

Center  ft 

2 to  5 

AC 

I960 

Center  75  ft 

17 

PCCtt 

19i^j 

•c.  ,000-lh  tw  L-.-tw  Ir.  r«-ar  l.ti 

Center  75  ft 

R'<  1 1 1 ••  i 

PCC  19*33 


Rep]  ed  center  1 . • 

Air  Force  r-.. : 1--.  • i two  ..... 
wile,  taxi  way  II 

Air  Pore-  replaced  tv  -ft-.  • 

ter  lanea,  1 

'-ir  Force  replaced  ' 1 ll< 

lanes,  taxivoy 


• . : ‘ jti  • • lorn-  i r ; xrtly  il'wlonc'i  pavement  that  is  .•  .own  in  plate  l. 

••  - iurv  V.  it  r.  .-novr.  Ln  plate  I. 


. 

P»  infer mi. 


.'lny 


ft  of  tuxivays  13>  I • I 25  I u Asphaltic 


SUMMARY  OF  DATA  - RIGID  PAVEMENT  CONDITION  SURVEY 


LONGITUDINAL  CRACK  SHRINKAGE  CRACK  C CONTRACTIO^CRACK 

TRANSVERSE  CRACK  S SCALING  M WAP  CRACKING 

DIAGONAL  CRACK  J SPALL  ON  TRANSVERSE  JOINT  K failure  J0INT 

CORNER  BREAK  J_  SPALL  ON  LONGITUDINAL  JOINT  O POP  OUT 


icit.v 


ATI  -'.U 


STA  175  +03 


T2ee 

4'AC, 


\PCC/ 

NOSE  DOCK  APRONS 


HANGAR  ACCESS 
APRONS  - 


OPERATIONAL  APROI 
TAXIWAY  21 


TAXIWAY  26 


TAXIWAY  26 


NW  WARM-UP 
APRON 


OVERRUN 


NW-SE  RUNWAY 


MISSILE  LOADING 
FACILITY 


2000 


FEATURE  DESIGNATION  (SEE  NOTE  I) 
SURFACE  PAVEMENT  THICKNESS  AND  TYPE 


TYPE  OF  FEATURE 


R - RUNWAY 
T-  TAXIWAY 
A - APRON 


TYPE  TRAFFIC  AREA  (SEE  NOTE  2) 


NOTES:  I FEATURE  DESIGNATION  DENOTES  TYPE  0 
FEATURE,  NUMBER  OF  FEATURE  FOR  GIV 
TYPE,  AND  TYPE  TRAFFIC  AREA. 

2 TRAFFIC  AREA  DESIGNATIONS  ARE  BASE 
ON  HEAVY-LOAD  CRITERIA. 


A TYPE  TRAFFIC 
B TYPE  TRAFFIC 
C TYPE  TRAFFIC 
NO  TRAFFIC  TYPE  ASSIGNED 


ASPHALTIC  CONCRETE 

TAR  CONCRETE 

PORTLAND  CEMENT  CONCRETE 
REINFORCED  PORTLAND  CEMENT  CONCRETE 
DOUBLE  BITUMINOUS  SURFACE  TREATMENT 
DIRECTION  OF  SURVEY 


Ct  1 2 B 

17"  1 • 

\PCC / J 

i -M- 

4 

5 : 

X , — 

K \ 

[ 2"AC 

\ ' Sy 

< V 

/ A 1 3 B \ 

u9“pcc/ 

' 

o>  r 

::.t  < 

rrJ  \ 

; 4"AC ) 

SOUTH  APRON 


TAXIWAY  26 


^ TAXI  WAY  17 
S£  WARM-UP 
APRON 


OVERRUN 


NW-SE  RUNWAY 


airfield  layout 


ELLSWORTH  AIR  FORCE  BASE 
SOUTH  DAKOTA 


NOTES  I FEATURE  DESIGNATION  DENOTES  TYPE  OF 
FEATURE,  NUMBER  OF  FEATURE  FOR  GIVEN 
TYPE,  AND  TYPE  TRAFFIC  AREA. 


2 TRAFFIC  AREA  DESIGNATIONS  ARE  BASED 
ON  HEAVY-LOAD  CRITERIA. 


' UJM 

23" 

PCC 


TI5E 

21" 

. PCC 


T ! 6 B ' 
2 "AC 
2l"PCC, 


T 288 
4 'AC 


T26B 

2\" 

PCC. 


•NOSE  DOCK  APRONS 
V . . B 


HANGAR  ACCESS 
APRONS 


A 18  B . 

pV'ac] 

e"pcc> 


T 7 A 

23" 

PCC 


ALERT  APRON 


OPERATIONAL  APRON 
TAXIWAY  2 1 


ADC  ALERT 
APRON 


'4  A ^ 
21"  £(\ j 

PCC,  *<\J 

< 


T 5 A ( 

1 4 "AC ) S 

<T22Ci  7'A 


T24  0a;  f T 23  B 
4 "AC  j 5 "AC 

7 pCC,  ,7"PCC. 


13  497'  X 300 


^/55/7  f LOADING 
FAC  I LIT/ 


\ 

: 


SCALE  IN  FEET 

1000  ISOO  2000 


PLATE  1 


STA  175+03 


HOSE  DOCK  APRONS 


OVERRUN 


OPERATIONAL  APRON  , 
TAXIWAY  21 


/ 


I 


-IT'S 


3,497'  X 3( 


MISSILE  LOADING 
FACILITY 


o 

<*) 


£ 

ID 


SCALE  IN  FEET 


1500  2000 


ru 

dH 

EIH 


LEGEND 

BITUMINOUS  CONCRETE  (AC  OR  TAR) 

PORTLAND  CEMENT  CONCRETE  (PCC) 

ASPHALTIC  CONCRETE  (AC)  OVER  PORTLAND 
CEMENT  CONCRETE  (PCC) 

REINFORCED  PORTLAND  CEMENT  CONCRETE  (RPCC) 

ASPHALTIC  CONCRETE  (AC)  OVER  REINFORCED 
PORTLAND  CEMENT  CONCRETE  (RPCC) 

DOUBLE  BITUMINOUS  SURFACE  TREATMENT  (DBST) 
BLAST  PAVEMENT  (AC-NONTRAFFIC  AREA) 


I 


■HOSE  DOCK  APRONS 


' HANGAR  ACCESS 
APRONS 


5 § h 

iC  w 


TAXIWAY  26 


mm 

<*) 

i "I 

X J 

X J 

11 

ML 

OPERATIONAL  APRON 
TAXIWAY  21 


OLD  ADC 
ALERT  APRON 


SOUTH  APRON 


ADC  ALERT 
APRON 


V TAXI  WAY  17 
■/SE  WARM-UP 
APRON 


NW-SE  RUNWAY 


MISSILE  LOADING 
FACILITY 


13,497'  X 300' 


SCALE  IN  FEET 


500  1000  1500  2000 


I m/trS 


ELLSWORTH  AIR  FORCE  BASE 
SOUTH  DAKOTA 

PAVEMENT  PLAN 


PLATE  2 


2^ 


■ • • 


r r.  eve  rl 

■ • i 

il  ■■  ■ St 


tads  re.  t- 


Heavy 


■ - ..  . • • 

l . • 


Valel  «Jo_-.ts  with  . CCA 
.'l^rrv  Je.-J.td  '-.voider  1 


!r-avy 


•WlsiV 


Jelled  Slouldor  r;ii. 

Cverlny  V> 


. 


.urn  3c-xlcd 


'2  irry  .'calcJ  1 


. 

-I::,  v : w 


Cat  is  factor; 


irrar:  .''".v  "/Total: 

- . -in. 

-•Ul  : a so  ) . 


Joint-r  .Vftleo  1 
Slurry  VrJ- 
Stai  1 96c 


■ . 

-in.  PC  -In. 

T/f,  Runwv  Access  V?  - : 1 
-in.  - 


PCC 

Heavy 


'atiafact  r., 


(1  of  } sheets ) 


I 


r»oUiv 

Tr.  • r :r ....  • : 

. 

MatntMiance 

T,V.  Sur.*v  Acy-..  - • flax 

; j*.  c : -:n.  P.  ' . - . *■ 

ut  irrt  •>•*!«  l tn  Vy : •> 

1 • .r-/n-,t  to  ii*  renovr  ■ 

- 

T ftunw<v  . "Tt 

Hertrl^l  176} 

Stow  V 

- ’ • . • w - . . 

>«atlaffc.-torj 

R*  pi  toad 

tr :r  r . r r or  mtiir 

1-  - > i..-  -J.  ! '-In.  iiui : aa,  . 

dUrtttdr) 

Slurry  >al»-2  In  19"^ 

. 

H*"  nit  t *. 

Unloading  Mlsstlr.-  i>'^ 

If-irvaj  Ac  r3 j . '/  TjUI ; 

i»» 

So  recent  maintenance  r 

• t repair 

ftunrv  J9  35,11 7 5T  Tot  id  : 

• 

crrerlay 

Payment 

“at  iu factor/ 

. 

. 

fail  ire  at  7 V ani  ; 

. 

- . 

Rigid 

Satiafactoiy 

Retired  Longitud 'nal 

-•  - * ’ repair  r;  nil; 

•late  j-.-  r.  v .ru:  *t  one  e;*  t 

sub has-  ; 

haii 

1 > " • -'■* : • : : 

In-house  F:' 

- : will  require  repair 

■ - . 

Flex 

If* 

Fair 

• 

. 

Runway  Access  11, \ . CY  T.tal: 

19<S3 

Fair 

Slurry  Sealed  1 V> 

••-r*  « l V >'  -•  1 ■ . 

lubbase  . 

: v . . • tal: 

-L-..  • •.  -- Lr. . r .. 

1962 

Satisfactory 

*faah  Rack  0-ft  Heavy 
Ini'j  Keel  Settlor.  Lalj  . . 

*. . t.  • ..t-alei  •,  'ontmetc 

Runway  A cc*«a  12,3^3  iy  Tbm£U 

- 

- . 

CrJg 

.:*«t  is  factory 

-ent  reajor  -.-i  . ‘.-Mir.ce 
r repair 

To  i ••  reoovei  • apletely 
(In-oouse ) 

W • ' • . 

- • • . 

Rigid 

Light 

19*3 

Unsatisfactory 

So  reoent  an.;  or  r i-:  n lr 

To  • « r*r  vei  coKrdeteli* 
• - 

' **  ■'  *;-T  • "■  Tjisi  : 

Rigid 

Light 

I9L3 

Unsatisfactory 

- 1 

or  repair 

To  t»e  remove  * ;ocpletely 
( L-.-'.oure 

Hangar  Access  and  3tuc  Park Inc 
. . 11  R Total : . , TCC 

r . 

Rigid 

1956 

i’atlar  actoiy 

- . 

FLS  I --.,  to  seal  racks 

:!«W  • • "-i  vrl  . . vr*  . . • 

- . 

Rigid 

1955 

.-Satisfactory 

So  re  .ter. t Malf-t^nance  or 

- 

_r  Accea;  ‘ Stub  Pork.'- 

: r *■_.  : •-:■  . :• 

- • 

Rigid 

1955 

•Satisfactory 

Bo  lit  Mr  Lntenance 

Replaced  Repair 

\r  ; ovnis  Cl  :ti:  ?or/.;v 

- r . 

- . . , 

Rigid 

1953 

‘■'at  la  factory 

- 

.'orlvr  S Broken  Slabs 
. aerln 

A>’  Pad  1968 

Hangar  Ac  :eu  and  Stuc  Parking 
• . 'V  Total:  I--  .-,.  P';  3T 

Rigid 

1953 

t n 

Replace  i ,'roker.  Slabs 

1?C>. 

ILi  l"-0  t:  seal  Joints 

• j . 

filter:. 

Flex 

1950 

fiat la  factory 

- • - . 

it  : ace  j . 

Heavy 

. 

• ' - . • tor 

Rigid 

1962 

latiafnotory 

'io  r<-  -ent  _ r repair 

A; r i.  • u v i r . ...  j r. 

- • - • - . 

r X.  ! . 

Flex 

1950 

•■at  te  factory 

Slurry  Sealed  i>.  f: 

.-arking 

Hangar  AcoftM  Aprcr.  1,668  8T  Total: 
- 

. 

Flex-MeJ 

1966 

Satisfactory 

Slurry  Sealed  l^'-S 

- 

Flex-Mo  1 

l?6fc 

Sat la factory 

Slurry  Sealed  1 *4 

ubbaae). 


(Continu*4 ) 


' rt  r 


KiilnU-r.  u.  '< 
: - 


ri«.;.;r  repair  . 


Tlurry  u^tUe-l 


,uiv 


*1  rrry 


>o  r«  cent  rr»''-r  repair 


riivsT 


1-rr-,  ealc.S  In  * - 


Maintenance  r 

iuip&t  r 


•-  r.:  Let*  : y wevi 

' L’.-'.-.  i~<- ) 


!u;  Recent  Maintenance 
Repair 


■■  ,r.:tr  .:V;J  ••ar'istan-ls 

• . Ian 


Aif.nalt  at  FrtrV.ini' 

. 


Unsatisfactory 


.;i  -irry  .'V  aJ 
Kc*3  t.rar.5 ' 


jperati'irel  .'T.n 


:;o  Recent  Maintenance  or 
Repair 


Jatiafactory 


Ur. ; h-  *rt  Maintenance'  -,r 
Repair 


. ‘it  l c factory 


liar  :jtar.  1 


Verlal' 


iiurry  oulel  i.r* 


£atl» fee tor 


tinny  nr  Access  Apron 

1 - • . 

3ubfcea« ) 


.urry  l-f  ■ 


vibtlaJ 


t : vui 


Hum  • Uei  1 « 


Apron  ii-swur  A."**.-  - i *.•*">  Total 
I*'  ' on  ••  :::.  • '.Iter  1 


VVil-Mt  } 


'.rrcaior.  Control  »,r"*  SY  Total: 
IT- -in.  ?**.'  r.  ...  . 'liter 


